The effect of the notch depth on the critical CTOD value at cleavage fracture initiation was analysed by the local approach. Three-point bend CTOD specimens with different notch depth extracted from a high strength steel were tested at the lower shelf temperature. The critical CTOD values showed large dependence on the notch depth. Three-dimensional elastic-plastic finite element analyses were performed to investigate the crack tip stress fields for all specimen geometries. The numerical results showed that shallow and deep notch specimens exhibit very different near tip stress fields at the same CTOD level, which leads to the specimen geometry dependence of the fracture behaviour. The analysis of the notch depth dependence of CTOD results was conducted on the basis of two formulations of the local approach. In the first formulation, cleavage fracture was assumed to be controlled by the maximum principal stress. In the second formulation, the stress tensor ahead of the crack tip was fully described in terms of all principal stresses and cleavage fracture was assumed to be controlled by an equivalent stress for mode I loading. It was shown that both formulations of the local approach lead to geometry independent parameters, especially when the stress triaxiality effect is taken into account. Prediction of the notch depth dependence of CTOD results based on the local approach presented good agreement with the experimental data, particulary when stable crack growth prior to cleavage was not significant .
Introduction
conditions.
An alternative procedure for assessing the fracture mechanics behaviour of a notched body has recently been developed in terms of the local approach, where the local stress field is combined with a local criterion of crack instability.
In the local approach to the cleavage fracture, the weakest link model is coupled with the non-uniform stress field ahead of the crack tip to yield a local parameter controlling crack instability, namely the Weibull stress. The probability distribution of the Weibull stress follows a Weibull distribution with two parameters which are assumed to be independent of the specimen thickness as well as of the crack shape and crack size. In this work, the effect of notch depth on critical CTOD values obtained from three-point bend specimens with different a/W ratios was analysed by the local approach. Three-dimensional elastic-plastic finite element analyses were performed to investigate the crack tip stress field in each specimen geometry. The Weibull stress was computed for two formulations of the effective stress characterizing the stress tensor around the crack tip. In the first formulation, cleavage fracture is assumed to be controlled by a local tensile stress to the crack plane and the effective stress was taken as the maximum principal stress. In the second formulation, the stress tensor ahead of the crack tip was fully described in terms of all principal stresses and cleavage was assumed to be controlled by an equivalent stress for mode I loading. The local approach to notch depth dependence of CTOD results was shown to lead to improved correlations of the CTOD at fracture with a/W ratios.
Local Approach to Cleavage Fracture
Cleavage fracture of ferritic steels has long been recognized as being controlled by the unstable propagation of microcracks which are nucleated in the fracture where g(a) is the density of microcracks in volume Vo.
Following the extreme value distribution of the largest flaw in the volume element and assuming that the microcrack density distribution behaves like a Cauchytype function, the integral over the crack size a can be readily evaluated2). Taking into account the position of the microcrack in the volume V referred to the coordi- 
Finite Element Analysis
Three-dimensional finite element analyses of the CTOD specimens were performed by a general purpose nonlinear code"' using an elastic-plastic material model with isotropic hardening and von Mises yield criterion. The material model is based on a piecewise linear approximation of the true stress-true strain curve presented in Fig. 6 . Because of symmetry, only one quarter of the specimen was modelled by employing 8-node isoparametric elements with 8 Gaussian points. The finite element model for the specimens wih a/W = 0.5 is presented in Fig. 7 . Very similar mesh densities are used for the specimens with a/W =0.3 and a/W = 0.1. The core of the crack tip region is common for all three meshes. The minimum size of the crack tip element is Fig. 4 Effect of a/W ratio on the critical CTOD value at cleavage fracture initiation. Table 2 Weibull parameters for critical CTOD distributions obtained by CTOD specimens with different a/W ratios. Fig. 11 Cumulative distribution of the Weibull stress for CTOD specimens with different a/W ratios. 
